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FLIGHT INVESTIGATION OF THE EFFECT OF CONTROL CENTERING SPRINGS ON THE
APPARENT SPIRAL STABILITY OF A PERSONAL-OWNER AIRPLANE 1

By JOKXP. C~MPBELL,PAUL& HUNTER,DONALDE. HEWH, and JAMESB. WHPrTEX

SUNIMAIZY

.-1flight investigation has been conducted on a typical high-
urhg per80nai-oumer airplane to determine the eJect of control
centen”ng 8pring8 on apparent 8piraZ8tabiJity. Apparent @rai
stability {a the term used herein to described the qn”raling tenaL
encies gf an airplane in uncontrolkd Jight a$ a~ected both by
the true @rai stability of th perfectly trimmed airplane and by
out-of%rrz control settings. Centering springs were u8ed in
both the ai!eron and rudder control qstema to proride both .a
pmwlire centering action and a meana of trimming the airplane.
The %prings were preloaded so that when they were mored through
neutral they produced a nonlinear force gradient wjicient to
twrcome the jriction in the control eye-tern and to produce the
forces required to hold the control surface at the proper getting
jor trim. The aikron and rudder control w.mfaces did not hare
trim tab* that could be adjusted in jfight.

.-!ithmqh the airplane was ghoum to be spirally etab[e ai air-
s~Piis abore approximately 90 miles per hour un”th[he controls
heid in the trim pwition, it appeared to be qn-rally unstable
with contro[8 free and un”th the centering epring$ disengaged
hecau8e of the moment%produced by out-of-trim control pom-tion8.
. Ij&er an abrupt rudder kick and release with the centering
.~pring~ dtierqaged, the airplane appeared to direrge in the
direction qf the-rudder kick becau~ejriction prerented the rudder
-from ctntering. H“ith the centem-ng springs engaged to hold the
controls in the (xact trim poeittins, houxrer, the airplane
qILickly returned to straight and [erel @ight a>er a rudder kick
und uwuld$y “hands o~) for indefinite pem”ods of time m“thout
gettitig into a dangerou~ attitude, at least, in the ~mooth or
moderately rough air in which a[l the tests were made. .4n
indication that the airplane might not Jy satisfactorily “ha.nd8
,,f’ in cery rough air, hwrerer, was obtained from results of
att~mpted recoveries jrom large angles of bank with the elecator
free. These rewh ahwed that, becawe oj the effect oj airapeed
8)n iaterai and iiirecfi”onai trim, satisfactory recorerieg could be
t)btained only by keeping the airspeed essentia[[y con8tant.
The* rewlis a180indicate thtrt in order to get completely safi8-

.factory result8 udh control centem”ng spring~ it will probably be
n~cewary to minimize [ateraidircctionat tn.m change8 due to
changes in airspeed, power, andfuel loading and to increa8e the

true spiral 8tubil@ oj the airplane. The e~ect o~ the centering
epring8 on tha aileron control-force characte%tia -uw not con- -
eidered objectionable by the @ot8 since the breakout force
WWion plu8 8ptint7 preld) wa8 relatively 8mall (approz.
3.6-lb wheel force). The rudder force characteri8tic8, houwer,
were considered objectionable becau~e the ezce8aire fnktion in ‘-
the rudder control eyetem reguired the use of a large prehad and
consequently re8ulted in a large breakout force (approx. %lWb
pedal force].

INTRODUCTION

During the last. few years there has ken an increasing
amount of interest in improving the spiral stabfiity of
personal-owner aircmft. One goal has been to have the air- j
plane fly “hands off” for reasonable periods of t-kne without

“Iarge changes in heading so that the pilot is not required to ..-—
controI the airplane continually and can de-rote adequate time
to nnvigat ion problems. Another gord has been to have the
airplane fly safeIy “hands off” for indefinite periods so that
when the pi~ot is caught in Wind-flying” conditions, he
can safely release the cent roIa and will not have to depend
on his sense of orientation io keep the airplane in a safe
attitude. The unreliability of the pilot’s sense of orients-
tion is demonstrate ed -wry clearly in the flight test resuI.ts
reported in reference L

A recent study by the XatimA ‘Advisory Committee for -
Aeronautics to determine how th spiral stability of personal-
owner airplanes can be improved (reference 2) has made
clearer a point which has been recognized for some t knfi
that many Iight airplanes (particularly hiih-wing designs) ‘“-
are inherently spiraHy stable in the cruising condition even
though they do seem to show unstable spirul tendencies in
ffight. The two reasons for this apparent spiml inst abiIity,
are: First., a IacIi of means of trimmi~~ the tiirplane in flight
rndws it impossible for many light airplanes to ever bo ._
perfectly trimmed for stmight wing-level flight; and, second,
whether or not the airplane hw means for trimming, the J
friction usuaIly present in most light-airplane mnt rd systems
makes maintaining the same trimmed condition indefinitely
MEcult or even impossible b~cause friction prevents the
control surface from centering after n deflection.
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Therefore, if an inkrcntly spirally stable light airplane
(most high-wing designs and probably low-wing designs
with adequate wing dihedral) is providod with means for
trimming the ailerons and rudder and if the friction in the
control systcm is reduced to an extremely low value, the
airplane might fly itself satisfactmfly. One of the greatest
d~lculties appears to bc the reduction of thb control-sys+xn
friction to a negligible amount, bccausc c-inn a small amount
of friction will cause trouble. One method suggested in
referenco 2 for obviating the requirement for. negligible
friction is to usc preIonded control ccntcring springs that havo
a nonlinear force gradient through neutraI cleflection and,
thereby, provide a positive centering action despite friction
in the control systcm. (See fig. 1.) Centering springs of
this type also afford a simple means of trimming the airpIane
since enough additional preloa.d can be provided to produce
the forces required to hold tho surface at thti proper setting
for trim. If the additiomd preload requirecl for trimming
is Iargc, however} the control forces am lildy to bc objection-
ably hiih. “”

ln order to detmmine the effect on apparent spiml stability
of a centering device of this type, a flight investigation @s
kn made wi& a typical hiikving personal-owmer airplanfi
equipped with centering springs in both the aileron and
rudder control systems. Flight tests were made with the
aileron and rudder springs both engaged, with each spring
engaged singly, and with both springs disen~’ged. Records
were obtained of the uncontrolled lateral motions of the
airpkne starting from straight and level flight and from
turns and also following abrupt rudrkr kicks. IUost of the
flights were made at speeds from 140 to 150 miles per hour,
hut a fow flights were mad~ at 120 and 90 miles per hour.
The theoretical spiraI stabiIity of the airplane was calculated
for correlation with the flight tist results.

I

Prelood

I

L

Control deflection

Fm GM 1.—V.wfntionof aprlng centerhg force with control ddlection for a pmltIvc+wtfon
mntrol -tirhu SPrbm’. (Spring PAW mnatbe ureatar thm static frictim In mntrd
system .)

SYMBOLS

AII force and moment coefficients are. referred to the
stability system of axes with the origin at the center of
gravity of the airplane. -
b wing span, feet
s wing area, square feet

P mass density of air, slugs per cubic foot
J7 indicated airspeed, miles per hour unless other-

wise noted

!l’ (dynamic p&sure, pounds per square foot ~~;

T7expressed in ft/sec
)

8 deflection of control surface, degrees
a angle of attack of longitudimd reference axis,

degrees

~ angle of attack of principfil longhudimd axis of
inertia, degrees

7“ iligh~path angle, degrees
P angle of sideslip, positive in sidcdip to right,

radians

4 angle of bank relative to horizon, positive to
right, degrees

$ angIe of heading relative ta initial heading at
beginning of flight record, positive to right,
degrees

P , rolling angular velocity, radians per second
r yawing angular velocity, radians pcr second
c. lift coefficient (Lift/@)
c, lateral-force coc~cient (LateraI force/@)
c, rolling-moment coefficient (Rolling moment/@b)
c% yawing-moment coeficicnt (1’awingmomen~/@t)

C,,=9$ ~
,“

MJ. _
“fi= tip
c.,=+ . . ..- ..
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m
M

Lro

kzo

& c

K,

Kxz

T%

mass. Shlgs
relative density coefficient based on W@ span

[m /PSb)
radius of gyration about principal longitudinal

axis, feet
radius of gyration about principal verticaI axis,

feet
nondimensionrd radius of gyration about longi-

tudinal stability axis

.

nondimensional radius of ~-rat.ion about wrtical

“’’’-w%=%=?
nondifhensional product-of-inertia parameter

((!#_!#);osq&q) -
time for spiral mode to damp to one-half

ampIitude, seconds
Subscripts:
a aileron
r rudder
@ eIeva tor .

APPARATUS
MEPLANE

FIight tests were conducted on the personahmner airplane
shown in the photograph, figure 2, and in the three-view
drawing, figure 3. ‘l?able I presents dimensional data for
the airplane. The aiIeron control system is the cable type
with needle-bearing pulleys for low system friction. The

‘ rudder control system consists of a combination of cables
and push-pull rods. The aileron and rudder control surfaces
did not have trim tabs that could be adjusted in fright.

The forces in the aileron and rudder control systems pro-
ili~cecl by the combined effects of friction and the centering
devices are shown in Iigure 4. This &ure consists of a plot
of the variation in pechd and wheel forces with control-
surface deflection w-it.h the centering springs engaged. Siice
th~ values presented mere obtained by averaging seversd
mdibrat.ions that. were not in very good a=meement, they are
twnsidered or$v apprmimat e -ralues. The friction force was
~~~umcd to be ouc=haIf the difference (hear neutral position)

-..—. ----
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FIGUREL—Test akplane.

between the forces measured viith the cent.rcd moving away
from neutral and tovimd neutral. The spring preload w__
obtained by subtracting the friction force from the breakou~,.
force (the force required to deflect the contrcd from the neu- _ ._
traI position).

mSTBUME!!TATIOX

‘Standard NTAC~ ir.ii.trumentat ion was protided to measure
airspeed, cent.rd positions, angle of bank, and change in
heading. The change in heading was obtained from a staud-
ard directional gyroscope which was modi6ed to permit
recording of headiig on h. .kirspeed as used in this report
is indicated airspeed as obtained ?Iy measuring pressures
from a tataI-prcsure tube and a swivel static tube mounted
on a !i-chord boom ahead of the wing Ieading edg& Elemi-”
tor a@a mere measured with respect to the thrust a-xis and
rudder angles were measured with respect to the fiu.

CJR4TERING DEVICES

A sketch showing the location of the centwing devices
relative to the oontrol system of the airplane is shown in
figure 5. This arrangement was designed so that the in_~”~
stal.lat.ion of the centering springs could be m@e with a
minimum of aIterations to the existing structure and control
system. The aiIeron centering device was Iocated in t-he
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TABLE I.—D1MENSIONAL DATA FOR TEST AIRPLANE

Design grow.weight, lb---------------------------------- 3,350
Horsepower (at2200 ~m)------------------------------- 240
PropelIer diameter, ft---. ------–--— -------------------- 7.75
Over-all Iength, ft------_-- _-------— -------------------- .27.10
winK:

‘Area (including fuselage), MI ft------_-__----_-------- 21&.13
Span, ft-------------------------------------------- a6.17
Dihedral, den---_ --_--_ ._--. --_--, --------------- Q-7
hWctratio----------- .-------- . ...-------- .-.-.-— &00
Tapr ratio ----------------------------------------- 0.62
Mean aerodynamic chord, ft--------------------------- 6.30
Incidence, den-------- .-------------- —------------- 1.0
Washout, deg. -.------------ .--------. ----.. --.:---- .1.5
NtioiIwction--------_------—--------------- NACA 2412
Flap area, Wft------------------------------------- & 68
Aileron area, sq ft--------------------------------:-: 12.32
Flap cieflcction, deg

Down----------------_-----—________________ . . .A5_
Aileron deflection, deg

up-------------------------------------------- ..-25
Down ------------------------------------------ 25

Horizontal tail:
Aspect ratio ---------------------------------------- 3.16
Totil-a, sqft-.---------—--------—------------- 35.20
Stabilizer area, sift --------------------------------- 19.79
Ttilinuihn~, deg--------------------------------- -.4.
Elevator area (lem tab), sq ft---------— ------------- Ii 6fJ
Elevator tab area, sqft --------------- --------------- 0.75
AirfoiI action-----------.. ----------—— ----- NA.CA 0006
Elevator deflection, deg

up-------------------------------------------- .31.5
Down--------.------_-z-_-----___-----_---—_ 13.5

Mevatm tab deflection, deg
up--------------- ,-------------------------- ---- 12
Down---------------------------------------- -3.I

Vcwtical tail:

Aspect ratio ---------------------------------------- 0.88
Totdama,s qf t------------------------------------ 16.55
Fin Qqft----~-----L --------------------------- &78
Rudder area, eq ft----------------------------------- 7.77
Aitioil mction-.--------------=-----------—--- XACA 0006
Rudder deflectio~ deg

Right--------------. ------------—---- 21
bft----------------------------..-”------------ .:21

TaiI Iength (e.g. to rudder hinge; approx.), ft ----------- 18.33
Fin offset, den- .----------—-—-------.---—-------- .. _. O

cabiu within reachof thepflot so that it could be operated
nmnually. Since the rudder system was such as @ make
insta.llationof the centering sprhgs inthe cabin imp ractical,
the rudder centering detice was located in the rearof the
fusehge. Operation of the rudder device was achievedby
means of an ekct.ried actuator controlled by switches
mountedonthe inetrumentpaneI.

Thesame basic eentering unit wasusedin both therudder
and aileron ccnteringdcvicw. This centarimg unit, whichis
shown in figures 6 and7, consists ofacyHndrical barrel en-
closing two preloadod oompr=ion springs and a shaft
passhg lengthwise through the center of the barrel. A
shoulder ison the shaft and a corresponding shoulder is on
the tilde of the barrel at its midlength. A flat circuIar
pickup ring under thee ndofeachs pringisforced against

I
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bo tth s~o~ders with a force equal ta the prcload of the spring.
The shaft cannot move relative to tho bmrel without moving
3ne of the pichmp rings and consequently cumprcssing the
zorresporiding spring. Inasmuch. as the spring ‘being com-
pressed is originally under a prchmd, a force greater than this
preload must be applied before the shuft can h movccl,
The spring not being compressed by movement of the. shaft
is retained in i~ original position by the shoulder of the bar-
rel. W%en the force applied to displace t.ho shaft is removed,
the compression load of the. spring forces the shaft buck to
its original position relative to the LUUTC1.

The application of this device to the rudder contrcd system
is shown in figure 6. The barrel is conuectcd to the rudder
control horn aud the slmf t which extends tkrough the oppo-
site end of the Imrrel is connected to the electrical actuator
which is in turn connected to a rigid member of the fuseIage
frame. Wlen the device is disengaged, movement of the
rudder causes the shaft to sIide freely forward and rearward
within the actuator. When the centering device is engaged,
however, this forward and rearward movemenl of the shaft
is restrained by a key thttt is pulled downward into a groove
cm the shaft by one of the ecdenoids. (See sketches at bottom
of fig. $) To engage the centering device, the pilo~ energizes
the Iower soIenoid and then uses the rudder pedals to move

—.
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FImmB &-Laeatbm C4the watering devkea rektim to the contmi system.

the shaft until the key is pulkd into place when the key and
groove are alined. lloyement of the rudder causes only the
barrel to be moved forward and rearward while the shaft
rema.&s fked. The centering action results from the spring
forces which oppose the relative movement of the barrel and
the shaft. Trimmhg of the rudder with the centering device
engaged is accomplished by changing the length of the
actuator shaft by means of a motordriven jackscrew. The
device is disengaged by means of the other solenoid which
pulls the key upward out of the groove. (See fig. 6.)

The application of the centering device to the aiIeron
control system is shown in figure 7. In this case the barrel
is fixed rigidly to the control column and the shaft is
connected to the aiIeron cable which runs along the cohnnn.
The shoulder on the shaft extends through the side of the
harrel and forms a yoke. Attached to this yoke is the locking
arm through which the control cable passes. The originaI
turnbuckle barrel on the control cable was replaced with a
mo~ed barrel which vies smooth and cylindrical so that it
would slide freeIy through the hole in the locking arm without

—

.-

catc-hing or binding. When the centering device is dis-
engaged, movement of the ailerons causes the cable and the
turnbuckle barreI to move ‘freely through the locking arm.
The centering de-rice is engaged by pushing the locking pin
of the locking arm through the hole in the t~buekle bam~..
(See sketches at bottom of fig. 7.) The shaft is thus linked
into the aiIeron system and aikron centering is provided by
the spring forces opposing reIative movement of the shaft and
barrel. Trimmin g of the aikrons with the centering device
engaged is accomplished by moving the locking arm reIative
to the shaft yoke by means of the manualIy operated jack-
screvr which connects the yoke and the locking arm. (See
sketch at the Ieft of &. 7.)

Siice the control centering de+ices -were designed h be
used in the research investigation only and to require as
little modification as possib~e to the airpIane structure, they
do not necessarily represent devices that would be used in a
practical app~ication for Iiiht airpkmes. Simplification of
the inatalktion wouId be possible by providing manual oper-
ation of a rudder centering device located in the cockpit, by
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FlatTRE 6.—Buddsr omterlng devk,

which mkht bedoing away with the disengaging feature
considered uo.necessary, by using a singIe spring rath~r than
the. double springs, and by designing the contcring devices as
an integral part of the control system. Of courso, if the play
in the control system is large, both Lhe aileron and rudder
centering devicas should probably be located at the control
surfaces rather than near the pilot. complication would
result from this arrangement inasmuch as the controIs for
the centering devices rrouId huvc to be operated remotely.

I \

TESTS

SeveraI different LYPH of tests were made tu dekmuino iho
apptmmt spiral stability and the true spiral stability of the
airplane, hIost of tho tests were initiated at altitudes be-
tween 4,OOOand 5,OOOfeet, but in tests whkh ended in spirnl
dives the altitude decreased rapidly during the tests. All
results vm.rc obtained in flights in which tho air was smooth
or moderately rough.
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Records of the motions of the test airplane starting from
steady wing-level flight at approximately 140 miles per hour
\f,ere obta~ed with the deron and rudder centering sPri W.

disengaged and with the elevator fpm. Similar records were
obtained with the wheel free but with the control cohmm
used to move the eIevator so as to hoId the airspeed essent-
ially constant. Recovery reeords of this typo were dso
obtained with the aileron and rudder centering springv
engaged singIy and in combination with the elevator free.
Itccords of the motions foIIowing an abrupt rudder kick and
rcdease at approximately 145 mih per hour with the elevator
free were obtained with the centering springs both engaged
tmd disengaged. Recoveries from turns in which the angIe
of bank was as large as 60° were recorded with both ctmte.ring
springs engaged and with the elevator used to hold the air-
speed approximately constant a~ 150 miles per hour. SimiIar
recoveries were recorded a t‘ airspeeds of 120 and 90 miles
pm hour. Rceoverics from banked turns with both centering
springs engaged and with eIevator free were also attempted
with an airspeed of 150. miles pm hour at the beginning of
the maneuver. In order to obtain a direct indication of the
effect of airspeed on lateral trim, tests were also made at
airspeeds of 140 and 160 miles per hour with the. airplane
trimmed lateraIly for an airspeed of 150 miles pm hour.

RESULTS AND DISCUSSION

The r~ults of the invdgat-ion have been divided into
three ma-in categories: fh%t, results which show the effect of
control centering springs on the apparent spiral stability of
the airplane; second, results which show the true spiral
stability of the airplane at various, const a.n$ airspeeds with
the centering springs engaged; and, third, redts which
show the effects of changes in airspeed on lateral trim and
consequently on the apparent spiral stability. In addition,
rwdts are presented which show the effect of centering
springs on control forces.

EFFECTOF CONTllOL CENTERING SPRINGS ON APPARENT SPIRAL
STABILITY

The effect of control centering springs on the apparen~
spiral stability of the airplane is shown by the flight, test
results presented in figures 8 and 9.. Alotions of the air-
plane sttirtkg from steady wirtg-Icv-el flight at approxi~ately
]40 miles per hour with the centering springs disengaged
and with the aiIeron and rudder springs engaged singly and
in combination are shown in figure 8, Two or three ffigh t
records arc presented for each condition. Xlot.ions following
an abrupt rudder kick and release at approximately ]45 mihw
per hour with the springs disengage.d””bd with both springs

engaged are shown in figure 9. Two of the principal causes
of apparent spiral inst abiIity-Iack of a means of trimming
the airplane and friction in the control system-are illus-
trated in thae two figures. The effect of the contio]
centering springs in correcting these deficiencies is also shown.
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Effect of centering springs on lateral trim.–-The datu of
gure 8 (a) for the airplane with the centering springa dis-
ngaged and the eIevator free show that h uncontrolled
lotion was a spiral to the Icft and that at the end of about
O seckmds a bank angle of about 20° or 30° was rcacbcd,
‘his apparent spiral instability was not reduced when the
ilot. controlled the elevator to keep the airspeed approxi-
Iat.ely constant at 140 miles per hour. (See fig. 8 (h).)
‘he data of figures 8 (c) and 8 (d) show that engaging only
k aileron centering springs provided no subst.antid im-
rovemeut. in the uncont.rolled motions but that engaging
nIy the rudder centering springs almost wdirely eliminated
10 spiral tendencies of the airplane. I?or this airlJIanc,
herefore, the most important out-of-trim moments with
mtrols fr;e were apparently produced by thu rudder. With
oth the aileron and rudder springs engaged (fig. 8 (c)] the
ncontrollcd motion of the airplane was slightly bctAer than
~at obtained with only the rudder springs engaged, at hmst
‘ith regard to the change in hmding.
In these flights with both the rudder and aileron springs

ngaged the airplane would fly “htinds off” for indefinite
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periods of time without getting into a dangerous attitude.
This result clearly indicates that the airplane was spirally
stable at this airspeed (140 mph) and that the tendency of
the airpIane toward spiral d~-rergence -without centering
springs engaged was only apparent spiral instability caused
by the rolling and yawing moments resulting from the
out-of-trim posit io~s asmmed by the free controIs.

The results obta”med with both the aileron and rudder
springs engaged also ilIustrat2 the point brought out in refer-
ence 2 that, although a spwaUy stable and well-trimmed
airplane wiII be safe with regard to spiral tendencies and w-ill
be fairIy good nith regard to maintenance of heading, it
cannot be expected to maintain a g-men herding indefinitely
unless it is eaui~ped titi an autopilot. For e~ample, the
data of figur~ 8- ~ej show that, at-the end of 30 seecmds,
random gust disturbances, and perhaps very slight out-of-
trim control settings, had caused the airplane to change
heading 6° or 7°. Even in perfectly smooth air, continuous
maintenance of course could probabIy never be achiewxi
without an aut.apilot. because perfect trim is ne-rer likely to
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be obtained in practice. The deviations in heading caused
by slight unavoidable out-of-trim momenta caq of course, be
reduced by increasing the true spiral st..d..silityof the airplana
as pointed out in reference 2. The apparent spiral stability
can also bo improved by minimizing the lateral trim changu
caused by changes in airapccd, power, and fuel loading. The
effect of airspeed on Iateral trim for the test airplane is &-
cussed in a subsequent section.

Effect of centering springs in overcoming friction,~Tl~e
data of figure 9 illustrate clearly the effect of the centering
springs in eliminating the detrimental effects of friction on the
uncontroIkd motion of the airplane after a rudder kick and
release. The curves of figure 9 (a) show. that with the center-
ing springa disengaged the rudder did not return to tho
originaI positkm after being deflected and released. - This
failure of the rudder to return to the origimd position is
attributed mainly to the friction in the rudder control system,
but, for one direction of rudder deflection, it could be partly
caused by the teudency of the rudder to float at some angle
other than that required for trim. The yawing moments
resulting from this out-of-trim rudder position caused the
airplane to go into a spiral dive to the righ~ ‘after a right
rudder kick and to the left af tw a Ieft rudder kick. Thc in-
creasing airspeed obtained in tho spiraI dim made it uecessary
for the pilot to terminate each test after a short time to
prevent excessive airspeeds from being reached.

2-
—Right rudder kick

E
——bf t rudder kick
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FmUIIE 9.—MaUons folIowingabrupt rudder kick end releess. Eh!vator free. 1’-14s miles
per horxr (epprox,) at stertof mencuvcr.

The resuIte prascnted in figure 9 (b) for the airpkmc with
tho centering springs engaged show that the rudder returned
to th~ original position af tc.r being dcflcctcd aml released
and that the subsequrmt motions of the airplano vrerctgreatly
ditlereqt from those obtained with centering springs c&-
e~aged. The airplane recovered quickly from the rcIetiveIy
small angles of bank reached during the rudder kicks with the
springs. qngaged and then appeared to bc capalJIc of main-
tab~ing an essentially win&Ievcl attihdc for an indefinite
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period. The airsped varied only slightIy during these tests
and the changes in hrading were reIa~ively smaII compared
with those which occurred when the centerbg springs were
disengaged. The asymmetry of the curves for heading (#) in
figure 9 (b) indicates that the airpIane was not trimmed for
straight flight but rather for a flat left turn when these
records were obtained.

TEllE SPIEAL STABILITY OF THE AIRPLANE WITH CONTROL CENTEBING
SPEUNGS ENGAGED

The results of the flight t~ts made to determine the true
spiral stability of the airphme with the center@ springs en-
gaged and with the eIevatm used to hold the airspeed ap-
proximately constant are presented in figures 10 and 11.

The motions of the airplane during recoveries from various
angles of bank up to 60° at an airspeed of 150 miles per
hour are shown in figure 10. Similar records of recoveries
from bank angles of 10° or less at airspeeds of 120 and 90
miles per hour are presented in figure 11. The time required
for the bank angle to decrease to one-half amplitude was
determined from the average of the recoveries from both
right and left bank angles.

The data of figure 10 indicate that. the airplane had a
moderate amount of spiral stabiIity at 150 “hales per hour
since reco~eries to an almost ving-kd attitude from angles
of bank as Iarge as 60° were effected in approximately 1 ti~”-” -
ute. The a~erage time required for the bank angle to de- ‘-
crease to one-half amplitude appears from the reeords to be
about 15 or 20 seconds.

The data of figure 11 show thai as the airspeed was reduced
the spiraI stability decreased. The results of figure 11 (a) ‘
indicate that the airpIane was stilI spirally stable at 120
mib per hour but that the time required for the angi.e of
bank to decrease to one-haIf amplitude (25 or 30 see) mas
somewhat greater than that for 150 miles per hour. The
pilot reported that the rapid recovery to a iving-level at ti-
tude nesx the end.of the test that started with a 4° Ieft bank.—
WE caused by a gust and was thus not. a true indication 01
the spiral stability of the airpIane at this airspeed. The data
of figure 11 (b) indicate that a definite reduction in spiral
stability occurred when the airspeed was reduced to 90 miles
per hour. These results do not show conclusively vrhetk ,...
the airplane was stable or ,unatabIe at this airspeed, but they
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do indicate that, since the degree of stability or instability
was ovidcntIy sIight, the airplane could be considered about
neutraily stable.

~ comparison of the measured and calculated spiral sta-
bility of thG airpIano is presented in figure 12 in terrns”of the
reciprocal of the time to damp to one-htdf amplitude for the
spiral mode. The calculations were made by the method
described in reference 3. The mass and aerodynamic pmam-
ewrs used in the calculations are given ‘in table 11. The
stability derivativ~ were estimated by the methods dticribecl
in reference 3 and an approximate check of the derivatives
c.~ snd C’~,was obtained from flight test data on the airplane.
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The data of figure 12 indicate that the measured spinal
stai5iIity was somewhat greater than the calculated stubility
at all airspocds and that the measured variation in stability
with airspeed was greater than the cahmhded wmiation. The
expOrimentaIIy determined values arc in qualitative agree-
ment with the tlworetical values in showing a reduction in
spirtd stability with decreasing airspeed. The faihlre to
obtain better quantitative agreement can IM attributed
partly to possible inaccuracies in the estimation of some of the
stability derivatives and partly to the lack of good quantita-
tive experiment.al data, particuhwly at 120 and 90 miles pw
hour.
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EFFECTS OF CHASGE9 XN NBSPEED ON LATERAL TRIM AXD APPAREIST
SPIRAL STABIUTY

The motions of the airplane during recovery from banked
turns with the centering springs engaged but with the eleva-
tor free are shown in figure 13. These records were obtained
under the same conditions as those of iigure 10 except that
the eIe-rater was free in this case; whereas the elevator was
used to hold thv airspeed constant in the tests recorded in
figure 10. The resuhs of figure 13 show that when the eleva-
tor vras free the airspeed Yaried greatly during the reco-reries
from the banked turns and the motions of the airplane were
entirely diflerent from those shown in figure 10. .4 compari-
son of the results of &ures 13 [a), 13 (b), and 13 (c) with
those of figures 13 (d) and 13 (e) shows that the recoveries
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Fm= 13.—Attempted mcomry from,banked turm with aileron and redder controls m.
leaaed. A&emu and redder sprtnss engaged. EIevrJor free. 1-= IW mtles per hour
(appmL) at start Ofeach tecord.

from right banked turns were greatIy different from the
recoveries from left banked turns -when the elevator was
free; ~herees alI the recoveries were quite similar when the
airspeed -was held constant. [See fig. 10.) .

The results of figure 13 can be explained more clearly bj’”” --
fit considering the results of figures 14 and 15, which show
the effects of airspeed on IateraI trim. The data of figure 14
show the aiIeron, rudder, and eIevator deflections required to
trim the airpIane in Ie~el flight at various airspeeds. These
data show that the change in aileron trim with aimpeed was
alighb but that a sizabIe change in rudder trim was required
-with changes in airspeed. The change in the required rudder
trim was such that more left rudder was required with in-
creasing airspeed. Or, expressed differently, the required
trim change was such that increases in airspeed with the
rudder held fixed would cause the airp~ane to be out of trim
to the right. This effect is ihstrated by the flight recorc&
presented in @e 15. M these records mere obtained with
the centering spriggs engaged and with the airplane trimmed
Iat+wally and directionally for an airspeed of 150 miles p& --
hour. When the airspeed was held at 150 miles per hour, the
airplane maintained an essentially w-ing-Ievel attitude; but
when the ele~ator setting and power were varied to increase
or decrease the airspeed, the airplane started a gentle spiraI
to the right or left.. At an airspeed of 160 miles per hour a
steady right turn at. 20Ubank was reached and at 140 miles per
hour a steady left turn at 10° bank was reached. The data
of figure 14 indicate that these turns were produced by out-
of-trirn rudder settings of Iess than 0.10 in each direction.

.-— —
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The critical nature of the lateral and directional trim problem
is apparent from these resulte.

The data of figures 14 and 15 can now be used to explain
the results presented in figure 13. The records presented
in tlgures 13 (a), 13 (b), and 13 (c) for attempted recovties
from banked turns to the right with elevator free indicate
that the airplane had lit tle or no tendency to recover from
the turn; that is, the bank angIe remained approximately
constant, In aIl these tests the pilot had to terminate the
teai after only a very short time Lo prevent excessive air-
speeds from being reached. The failure to recover from
them right turns is attributed to the out-of-trim moments
to the right caused by the increasing airspeed. These
moments cspposcd and were apparently about equal to the
restoring moments produced by the inherent spiral stability
of the airpkme.

Tho records presented in @res 13 (d) and 13 (e) for re-

coveries from banked turns to
show that initially the a“mpccd

the left with elevator free
increased and tha airplane

recovered rapidly toward a wing-level tittit udc. In these
oases the. out-of-trim moments to the right caused by in-
creased airspeed apparently reinforced the restoring moments
tc the riglt produced by spiral stability so that rapid recov-
eries were obtained. The rccovcrics were not considered
‘satisfactory, however, lwause in onc case (fig. 13 (d)) a
virtually undamped longitucIin&latcral oscillation was ob-
tainod and in the other case (fig. 13 (c)) tho pilot had to stop
the recovery before 0° bank was rcachcd bccauso the air-
speed bccamo exccssivc.

The flight record presented in flgurc 13 (d) is particularly
interesting in that it shows the interaction of the longitudinal
and Iatwal motions of the airplane. The pmiod of t.lw
motion (approx. 55 see) appcms to bo about the same ‘as
that of the phugoid or long-period longitudinal oscillation
which is usually a mt.he.r ligldy damped motion. Tho
fluctutitions in airspeed during the longitudinal oscillation
apparently produced out-of-trim moments ahnately to t.ho
right and left which caused the airplane to roll back and

.
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forth between about 0° and 20° left bank with the same
55-second period and to have similar periodic changes in
heading. Since the oscillation in bank wou!d, in turn, be
eqcct cd to cause changes in airspeed (iicreased airspeed
with increased bank angle) and since a certain amount of
lag is inherent in these interactions between airspeed and
bank angle, it does not appear surprisii that the undamped
longitudinal-laterd oscillation occurred

Although all the flight tests were made in smooth or
moderately rough air, an indication Of the apparent spiral
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stability charactaistios of the airplane in vwq- rough air can “-”
probabIy be obtained from the data presented in figures 10- - “
and 13. These results indicate that recovery from the large
angles of bank that are likely to be produced by large gust
disturbances will probably not be satisfactory unless the
a-h-speed is heId essent-hdly constant by use of the elevator.
Therefore, the previously mentioned results which indicated
that the airphme with both centering springs engaged Would
fly “hands off” for indefinite periods of time without getting
int~ a dangerous attitude might not apply to flights in rery
rough air.

U the records of figure 13 show that the free eIevator

generally tended to float to a lower setting with increasing

airspeed} an indication that the stick-free longitu&nal

stability was less than the st-ick-~ed longitudinal stability.

This change in elevator position with airspeed aggravated

the tendency of the airplane to increase airspeed in the turn. -

NTo flights were made in which an attempt was made to
hold the elevator fired during recoveries from banked turns,
but it is believed that such recoveries wcndd be better than
those obtained with eIevator free. Therefore, it appears
that control centering SIN@ h the de=tor System might

provide some improvement in the apparent spiral stability.
Even with the elevator fixed, however; the airsped will vary
during recoveries from banked turns so that the use of
elevator centering spfiga sho~d not be ~ec~ed tO Iead ~-.
recoveries as good as those obtained with the airspeed held
constant. If eIevator centering springs are used, considers- -”
tion should be given to possibIe detrimental @ects of such
springs on the elevator control-force characteristics.

—-.

On the basis of the results of this investigation, it appears
that the changes in Iateral and directional trim produced by

—
.
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changes in airspeed, power, and fuel Ioading must be mini-
mized before completely satisfactory results can be expected
from control centering springs. For the best re+ults it
appea~, also, that the true spiral stability should be great m
than that for the test airplane since veiy smaII out-of-trim
deflections were shown to produce rather largo angles of
bank. The determination of what constitutes satisfacto~
apparent and true spiral stability W-asconsidered beyond the
scope of this investigation, which was concerned primmily
with whe~her control centering springs could make the
apparent spiral stability as good as the true spiral stabiIity.
Some indication of the improvement in spiraI stability that
will result from v%rioua modifications to the airplane can be
obtained from the methods and data preeentcd in reference 2,

,
EFFECT OF CENTERING SPRINGS ON CONTROL FORCES

The nonlinear force varihtion provided by the positivc-

action preloaded centering springs (fig. 1) caused a corre-

sponding nonlinear variation of control forces when the cen-

tming springs were engaged. This nonlinearity caused a

noticeable 1(bump” in tha controI forces as the controIs were

moved through the neutral position and caused an increase

in the breakout control force required to deflect the control

from the centered position. (See &. 4.) k Lho case of the
ailerons, the static friction was fairly small (about 1.5-lb

whcel force) so that the spring preload used was not sufficient

to make the “bump” or the inc-reasqd breakout force (about

3.5-lb wheel force) objectionable to the pilots. In the caee

of the rudder, however, the static friction was Ia.rge (about
] o-lb pedal force) and the spring preIoad required was
correspondingly large so that the breakout force was about
22 pound& Since this increase in rudder breakout force
increased the diflicuIty of making smoothly coordinated
turns with the airplane, the rudder control-force charactw-
is tics were not considered entirely satisfactory by the pilots.

Sinm the breakout control force required to d eflcct th o
contrcds from the centorcd position is h function of the
static friction and the spring preload and since the spring
prcload required is in turn a function of the static friction,
it is apparent that the static friction in the control system
must be kept smaII to avoid objectionably large breakout
control forces. R~vtilon of the rudder control system of the
test airpIane to reduoe the static friction was considered
beyond tbe scope of” the present investigation.” It is felt,
however, that if this friction were substantially reduced,
the resulting reduction in spring preload required and, hence,
in the breakout force wouId probably e~iminaLe the objec-
tions to tie rudder conLroI-force characteristic of the test
airplane.

lJse of the centering springa as a means for trimming the
controls requires an additional amount of preload to provide

the forces necessaqy to hold the controls in Lbe dcsirccl trim
positions.. If this additional preload required for trimming
is large, the control forces are likely to. bo objectionably
high. In addition, when the centering springs me used for
trimming, the breakout forces become unsymmetrical; and
if a large preload is required for trimming, this asymmetry
is likely to be objectionable.

ln ‘the present wts, the preload in the rudder cculering
devico was sticient at cruising speeds to trim tho airphme
in wing-level @ht. Although, as pointed out previously,
the breakout forces were objectionably high, the wymmctry
in the breakout forces was not considered ob jcctionable.
The rudder deflection, and hence the rudder force, required
for trim increased with decreasing tirspced (fig, 14), however,
so that the rudder preload was in&quate at the lower
aimpeeds. In order to trim at. these Iower airspeeds it was
nccr+sa~ to use aihxcm trim together with the maximum
a-rail~ble rudd m tiirn and to fly. in a slightly banked at.t itudc
rather than with the wings level. Since the rudd cr prcload
required at cruising speeds result cd in excessive brcnkou L
forces, it is apparent that the increase in preload required
for satisfactory rudder trim at the lower airepccds would
result in e%:en more objectionable rudder breakout fwees.
This increase in the prcload required for trim would prob-
ably also make the asymmetry of the breakout forces
objectiormble.

●

Another factor which must Lc considered in dcaigning for
satisfactory control-force characteristics with prckmded
centering spri~ is the variation of spring forco with coniro]
deflection. In this connection, one important design param-
eter is the ratio of the spring deflection required tu produce ~
the desiied preload to t.ho total spring dcf!ec.t.ion resulting
from fulI control deflection. Small values of this ratio nre
Iikely to produce excessively large control forces. If the
ratio is large, however, the increase in tho control forces
caused by the centering springs will probably not bc
objectionable provided, of course, LhaL the preload is not
vcqy large. It appeam therefore that the uso of a spring
that must be aImost fully compressed ta produce tho desired
preload vdl probtibly rcmlt in the most satisfactory control-
force characteristics.

For some airplanes, particularly ~hoso that Imvc large
amounts of friction in the contioI system and hence require
centering springa with large amounts of prcload, some pro-
vision might be desirable for disengaging tho centering
devices at take-off and Ianding and during mLenske maneu-
vering or acrobatics. The most satisfactory installations
will probably be obtained, however, when the friction in the
control system h reduced enough to permit the usc of
pmmancntly engaged centering devices.
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CONCLUDING EEMARKS

The results of the investigation to determine the effect. of
control centering springs on the apparent Sp-hal stabiIity of
the typical high-wing pcrsonsl-owner airphne may be sum-
marized as follows:

1. Although the airplane was spirally stable over most of
the speed range with the controls held in the trim position,
it appeared to be spiraIIy unstable with contrcds free and
with the centering springs disengaged because of the momenta
produced by out-of-trim control positions. (The aiIeron and
rudder control surfaces did not have trim tabs that could be
adjusted in flight.} ~ter an’abrupt ruddei kick and reIease,
the airplane appeared to diverge in the direction of the rudder
kick because friction prevented the rudder from centering.

2. Control centering springs (with provision for trimming)
definitely improved the apparent spiral stability of the air-
plane by making it posible to trim the airphw laterally
and by preventing the aileron and rudder surfaces hm being
held in an out-uf-trim position by friction. With both cen-
tering springs engaged to hold the cent.rds in the exact trim
positions the airplane would @ “hands off’ for indefWe
perioda of time without getting into a dangerous attitude, at
least, in the smooth and moderately rough air in which aIl
the tests were made.

3. The true spiral stability of the airphme with the controls
held in the trim position decreased with decreasing airspeed
and the airpiane appeared to have approximately nentrd
stability @ 90 miles per hour. The measured spiral ste-
bility was” somewhat greater than that indicated by theory.

4. When the devator was used to keep the airspeed
vonstant.j the apparent spiral stabfity was the same in both
directions. When the timpeed was not held constant
(elevator free), however, the airspeed initially tended to
increase after the nelease of. the controls when the airplane
WM in a banked attitude. The triin change resulting from
the inmeased airspeed tefided to bank the a“~lane to the
right. This tendency caused the airplane to ha~e more
apparent spiral stability in a left b~k but produced a spiral
divergence in large angles of bank to the right. Vi’len the

elevator was free it tended to float to a lower sett.kg, an
effect whxch aggravated the tendency of the airplane to
increase airspeed in a bank. Because of the crit.icd effect of
airspeed on Iattyxd and directional trim, it appearkd that
oontrd centering springs on the elevator would provide some
improvement in apparent spiral stability. The nnsatis-
tictory recoveries from Iarge angles of bank with the elevator
free indicated that the airplanemight not fly satisfactmily
“hands oi?” .ii very rough air. . . .

5. The reanlt+aof the investigation indicate that in order to
get completely satisfactory lwulta with control c-entering”
W@ it m probably be necessary to minimize lateral-
direetional trim dumges due to changes. in aimpecd, power,”-
and fueI loading and to increase the true spiral stability of the
airplane.

6. The effect of the centering springs on the ai&m control-
force chmacteristica was not considered objectionable by the
pilots since the breakout force (friction phs spring preload)
was relatively small (approx. 3.5-lb wheel force). The
rudder force charmterietics, however, were considered objec-
tionable because the excessive friction in the rudder control
system required the use of a large preload and corkequently
resulted in a large breakout force (approx. 3Nb pedal
force) .
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